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DIGITAL SIGNAL TRANSMISSION METHOD
PROVIDING HIGH ERROR CORRECTION
CAPABILITY

BACKGROUND OF THE INVENTION

The present invention relates in general to a digital
signal code transmission” method and in particular to a
method of transmitting a digital signal arranged in a
series of blocks or frames each including an error detec-
tion code and an error correction code in addition to
information codes and which method is advantageously
suited for protecting the quality of reproduced sound
from degradation due to code errors in a system des-
tined for transmitting or processing digital audio sig-
nals.

There is known a so-called compact disc signal sys-
tem which represents a typical one of the type of signal
transmission system in which a digital information word
to be transmitted is divided into a plurality of informa-
tion symbols and parity words for code error detection
and code error correction are combined with every
predetermined number of information symbols.

In the compact disc system, a digital information
word is constituted by an audio signal sample quantized
to 16 bits which are grouped into two information sym-
bols one of which includes eight high-ordered (more
significant) bits with the other including eight low-
ordered (less significant) bits, to thereby constitute the
error detecting code and the error correcting code.
Generally, in the signal transmission system under con-
sideration, four symbols of a Reed Solomon code des-
 tined primarily to be used for the correction of error are

generated or created and added to 24 information sym-
bols which include the high-ordered and low-ordered
symbols in pairs for every information word of twelve
samples.

Further, in the compact disc system, a first signal
frame composed of 24 information symbols and four
first parity symbols is subjected to an interleaving oper-
ation on a symbol basis, whereby a Reed Solomon code
of four symbols to be used primarily for error detection
is generated for 28 symbols in total including 24 infor-
mation symbols and 4 first parity symbols derived from
the first signal frames differing from one another and
added as a second parity symbol, to thereby constitute a
second mgnal frame. The signal sequence arranged in
this manner is generally referred to as the cross inter-
leave code. The Reed Solomon code has an error de-
tecting and correcting capability. Thus, the signal re-
produced by the compact disc system undergoes error
detection by the second parity symbol for every second
signal frame. Among the errors, those which are able to
be corrected by using the second parity symbol natu-
rally undergo correction. On the other hand, an error
which can not be corrected is marked by a flag indica-
tive of the presence of the symbol suffering the error.

Here, a brief elucidation will be made of the cross
interleave code so as to provide a better understanding
of the invention. FIG. 1 of the accompanying drawings
is a schematic view for illustrating preparation of a
cross interleave code, in which the numbers of input
channels are taken along the ordinate with the senal
numbers of the codes taken along the abscissa. As will
be seen in the figure, the signal frames of the two variet-
ies are prepared in the arrangement illustrated. More
specifically, there are prepared a second signal or code
frame consisting of information or data words Doy,
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D11, D22, D33, D44, Dss, Des and D77 and check
words Qg g and Qg and a first signal or code frame
consisting of information or data words D4, D4 1, D42,

"Dy4.3, D44 and Dy s and check words Pag, P47. In this

case, only one word is permitted to make an appearance
in duplicate in both the first and second code frames. By
virtue of such arrangement, the errors of which correc-
tion is impossible in the second code frame such as, for
example, Do o, D22 and D4 4 indicated by hatched areas
can be corrected in the first code frames including Do g,
D7 2 and D4 4 respectively. In this way, the error detec-
tion and correction of codes can be effected with a high
efficiency. In case the Reed Solomon code is employed
in the first and second code parts, the code which has
undergone the cross interleave operation 1s referred to
as the cross-interleave Reed Solomon code (CIRC).

A hitherto known interleave system for preparing the
cross interleave code will be described.

First, an audio analog signal 1s quantized to a prede-
termined number of bits, e.g. 16 bits, at a predetermined
sampling frequency, e.g. 44.1 kHz.

The 16-bit data thus obtained can be encoded in two
ways. First, the 16-bit data can be encoded as it 1s. Sec-
ond, the 16-bit data can be processed on the basis of a
predetermined number of bits, e.g. 8 bits. In the instant
description, it is assumed that the 16-bit data is divided
into eight high-ordered (more significant) bits and eight
low-ordered (less significant) bits, wherein the data of
the eight high-ordered bits is represented by Sy with the
data of the eight low-ordered bits being represented by
Sz. Further, the sequential orders of the data Syand Sy
are, respectively, represented by symbols S;/ and S;z/,
where i takes ordinal values of 0 to 5 for each value of
j. For example, the data is in the order of S¢/, Sy, Sy, S3,
S4/, So/t+!1, S¢y+1, and so on. Thus, S;i/ represents data
comprising the i-th high-ordered bit of J-th group. An
example of interleaving the codes of the data structure
mentioned above is illustrated in FIG. 2 of the accom-
panying drawings.

Referring to FIG. 2, in the first coding, the data Soy/’;
Sozf’ S1¢7; Si17; Sauv; Sai7, Sav’; Sar’, Sau’; Sar’, and
Ssy/’; S51.7 are encoded as information words to gener-
ate or create the check words Pg’, Py7, P27 and P3’. For
these words, interleave is effected in a sequence of Sor,
Sorl, Sit? Siz3, Satt Sars, 23th, Sar’, Savd, Sard
S5710, Ssr1l Ppl2, Py13, Py14 and P3!5. For the inter-
leaved words, the error check code CRC!0is generated
through the second encoding.

By virtue of the interleave operation mentioned
above, a succession of errors possibly generated 1n a
second code frame in the course of recording and/or
reproduction will be dispersed in the first code frame
upon decoding thereof. Thus, the decoding of the sec-
ond code frame can be accomplished with an improved
efficiency.

However, if the error correction is rendered impossi-
bie due to a succession of errors involved in the inter-
leave operation, the twelve data Sorf, SoL!, S1t%, Si1L°,
Sat4, Sars, Satb, S3r7, Satv?, Sar’, Ssyl0and Sspll be-
come erroneous.

Describing a method of decoding the code series
mentioned above, the individual signal symbols are

. rearranged to the structure of the second signal frame

65

through deinterleaving, wherein the erroneous symbols
remaining uncorrected are corrected with the aid of the
first parity symbol. Further, by taking advantage of the
error detecting capability of the Reed Solomon code,
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the erroneous symbols remaining undefected and/or
erroneously corrected symbols still suffering error can
be detected and corrected by resorting to the second
parity symbols in many applications. In this manner, the
data whose errors can not be corrected even by resort-
ing to the first parity symbol are outputted together
with the error detection flag constituted precedingly by
the second parity symbol. Furthermore, when the error
whose detection 1s missed by the second parity symbol
1s detected and found uncorrectable, a fresh error detec-

tion flag 1s added before being outputted.
The individual information symbols processed in the

manner mentioned above are combined on a two-sym-
bol basis so as to constitute the information words
which are original audio signal samples and subjected to
a digital-to-analogue (A /D) conversion {0 be outputted
as the audio signal. At that time, if at least one of the
symbols corresponding to the high-ordered and the
low-ordered information words has an error detection
flag attached thereto, error concealment is performed
through a mean value interpolation or previous value
holding (zero-th order interpolation) procedure with a
view to preventing a click from being generated, to
thereby minimize deterioration in the reproduced sound
quality.

The system for performing detection and correction
of code errors by dividing information word into a
.. plurality of the symbols is advantageous in that the
capability of error correction can be enhanced for a
. given code redundancy, and that the number of compo-
~ nents, such as registers required for arithmetic opera-

 tion for the error correction can be decreased. As a

result the scale of the circuit can be correspondingly
reduced, because the number of bits forming a signal
word (symbol) to be processed as a basic element is
small.
~ Next, consideration will be given to the concept elu-
~ cidated above as applied to a system where the code
—error generated 1s of a burst nature as in the case of a
. digital audio recording/reproducing system employing
a magnetic tape, by way of example. It'is further as-
sumed for purpose of illustration that a CRC code
which is made use of in the error detection adopted in a
PCM audio recorder using a VTR (video tape recoder)
is utilized as the second parity word, and that a b-adja-
cent code i1s employed as the first parity word for the
error correction. In the PCM audio recording apparatus
using a VTR, six signal information words each of 14
bits are combined with two words of the b-adjacent
code of 14 bits and subsequently subjected to an inter-
leave operation so as to be combined with the CRC
code of 16 bits. The signal which has undergone the
error detection for every second signal frame with the
aid of the CRC code is so as to be rearranged in the first
signal frame. Since two words of the b-adjacent code
are attached, it 1s possible to correct all the errors of two
words within the first signal frame. More specifically,
so far as the errors 1n the second signal frame are not
more than two frames, the error in the first signal frame
is less than two words, which means that all the errors
can be corrected. However, in case the error is over
three frames in the second signal frames, the errors
included in the first signal frame will amount to three or
more words, resulting in a word which is left uncorrect-
able.

Here, it is noted that by dividing the signal informa-
tion word of 14 bits into two symbols each of 7 bits, four
symbols of the b-adjacent code each of 7 bits are avail-
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able for the same given redundancy. Similarly, when
the CRC code of 16 bits 1s employed in the second
signal frame, an equivalent error detection capability
can be obtained. However, since the b-adjacent code of
four symbols 1s capable of correcting errors up to four
symbols, errors of less than four frames can be cor-
rected in the second signal frames, increasing the error
correcting capability.

In case each of the information symbols of the first

frame comprises a combination of the high-ordered
symbol and the low-ordered symbol of each informa-
tion word as in the case of the code employed in the

compact disc system, as shown in FIG. 3, there may
arise uncorrectable errors of the information words for
the reasons mentioned below. In FIG. 3, directions
indicated by inclined or diagonal interconnecting lines
indicate the second frames for error detection, while the
first frames for error correction are arrayed in the hori-
zontal direction. Each of the information words is con-
stituted by two symbols, e.g. Sp, @ and Spz.(2), S1/P and
S12.3), and so on.

It 1s assumed that, in a CRC code, errors are detected
in the five second signal frames in which those symbols
are placed which are to constitute the first signal frames
such as Sot/¥), Sor®), S1¢/4, S1.®, S2p®), S21® and so
on, inclusive of the second signal frame of Sgz/(2), Sor(3),
S1¢™ and so on and the second signal frame of Sgg/©),
Sor(D), $1/?, S12.3), S21/4 and so on, and that an error
1s found in the four second frames in which those sym-
bols have been placed which constitute the first signal
frame of SoiAY), Sor(® and so on. On these assumed
conditions, in the two first signal frames So¢f®) and
Soril), respectively, correction can be made as the error
1s of four symbols. However, in the three first signal
frames comprising Sotf?), Sorf® and Sopf4), respec-
tively, five symbols suffer errors which are thus uncor-
rectable. As a consequence at least the six symbols
Sot/?), S1t/%), Sor®), S1.0), S1¢/® and Sy ¢4 shown in
FIG. 3 are outputted as the uncorrectable symbols.
Besides, many of the symbols (not shown) within the
three second signal frames also suffering an error will be
outputted as uncorrectable symbols. The individual
information words containing these symbols are pro-
cessed as error information words which are concealed
when they are outputted. So far as only the portion
iliustrated in FIG. 3 is concerned, errors of six symbols
will give rise to six error-concealed words inclusive of
one word of Sorf? and Sgz(®. These error-concealed
words also provide a cause for generation of distortion
in the reproduced signal in the digital audio system and
involves deterioration in the quality of reproduced
sound, in case the error-concealed words amount to a
non-neghigible number. The prior art systems described
above are disclosed, for example, in the Odaka et al U.S.
Pat. No. 4,413,340 issued Nov. 1, 1983 (corresponding
to G.B. Patent No. 2,076,569A and the DE-OS No.
3,119,669) and Doi et al’s U.S. Pat. No. 4,355,392 issued
Oct. 19, 1982.

SUMMARY OF THE INVENTION

It 1s therefore an object of the present invention to
solve the problems of the prior art systems described
above and to provide a digital signal transmission sys-
tem in which the number of uncorrectable information
words which are subject to error-concealment can be
reduced to a minimum, while assuring the advantages of
the prior art system aitained in respect to the error
correction capability and the scale of the decoding
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circuit owing to the processing of the information
words which are divided into symbols.

As described hereinbefore in conjunction with the
hitherto known system, in which the information word
to be processed undergoes division on a symbol basts,
the symbol which is ultimately outputted as the uncor-
rectable symbol is the symbol for which error 1s de-
tected by the preceding second parity word, which
error can not be corrected by the succeeding first parity
word.

Accordingly, it is taught by the present invention that
the group of the information symbols which constitute
the second parity word for error detection be so ar-
ranged that all of the symbols derived from division of 15
one information word are included in the aforemen-
tioned information symbol group. When error 1s de-
tected on a particular symbol resulting from division of
a given information word, the other symbol resulting
from the division is also determined to be erroneous,
because the latter is present within the same second
frame. In the case of the example illustrated in FIG. 3,
the symbols of 14 information words are included in the
second signal frame. Thus, the number of symbols ,.
which are subject to correction can be reduced to a
number which corresponds to seven information words.
In this way, the number of information words which are
subject to correction can be reduced according to the
teaching of the invention.

Furthermore, a set of the first parity symbols can be
prepared on the basis of one of the grouped or classified
symbols, e.g. the group of high-ordered symbois in the
case of the example illustrated in FIG. 3, while a further
set of the first parity symbols can be constituted by the
group of the low-ordered symbols. Then, the correction
capability to the same degree can be obtained as in the
case of the word processing involving no word division
procedure. Besides, the scale of the decoding circuit can
be reduced by a proportion corresponding to the reduc-
tion in the number of bits to be processed as the infor-
mation elements by the encoder. Finally, the number of
the information words which are to be concealed can

also be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages
of the invention will become more apparent upon con-
sideration of the following detailed description made 1n 50
conjunction with the accompanying drawings, In
which:

FIGS. 1 to 3 are views for illustrating uncorrectable
instances in hitherto known digital signal arrangements;

FIGS. 4A to 4E are views for illustrating methods of 33
encoding digital signals according to the invention;

FIG. 5 is a block diagram showing a digital signal
encoding system for carrying out the method according
to the invention,;

FIG. 6 is a view for illustrating uncorrectable 1n-
stances in the encoding system shown in FIG. J;

FIG. 7 is a block diagram showing a digital signal
encoding system according to another embodiment of
the present invention; and

FIG. 8 is a view for illustrating uncorrectable in-
stances in the digital signal encoding system shown in
FIG. 7.
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6

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Before entering into a description of the exemplary
embodiments of the invention, the basic concept under-
lying the invention will be elucidated by referring to
FIGS. 4A to 4E.

As described hereinbefore, a digital information word
(S;’) is constituted by a plurality of symbols (S;¢/, Sir/),
as illustrated in FIG. 4A. According to the teaching of
the invention, the plurality of symbols resulting from
division of the same digital information word and con-
stituting a first parity word are subsequently included in
the same information symbol group for constituting a
second parity word (FIG. 4B).

By way of example, let’s consider the words (Sor?,
Sor9, (S1t?, Siz2), (Sath, Sar?), (Satf, S3Lb), (Sarf,
Sar8), (Ssut0, Ss51.10), (Pol2, P112), and (P214, P314) shown
in FIG. 4C. In this case, when error takes place in this
first code frame and is found uncorrectable, the six data
provided by the above mentioned words will be ren-

dered erroneous, as will be understood by recalling the
case illustrated in FIG. 2. In other words, the number of

words which are rendered uncorrectable due to genera-
tion of the burst error is reduced to a half as compared
with the hitherto known interleave method.

FIG. 4D illustrates a mode for carrying out the in-
vention in which the first parity word is created by
high-ordered information symbols or low-ordered in-
formation symbols, while FIG. 4E shows a mode of
implementation in which the first parity word 1s pre-
pared by the high-ordered symbol and the low-ordered
symbol which constitute a same information word.

Now, an embodiment of the invention will be de-
scribed.

FIG. § shows in a block diagram a signal encoding
system which is operative with such a signal arrange-
ment that an information word is divided into two sym-
bols. By way of example, when one information word is
composed of 16 bits, one of the symbols 1s constituted
by eight high-ordered (more significant) bits with the
other being constituted by the eight low-ordered (less
significant) bits. A first signal frame is constituted by six
information symbols resulting from the division of the
information words to which are added a first parity
word for error correction which comprises two sym-
bols of b-adjacent codes (e.g. 16 bits in case an informa-
tion symbol is composed of eight bits). This signal frame
which contains eight symbols in total inclusive of the
information symbols and the parity symbols 1s inter-
leaved and a CRC code (e.g. of 16 bits) is added thereto
as a second parity word for error detection, to thereby
constitute a second signal frame. In FIG. 5, numerals 1
and 3 denote delay circuits, respectively, 2 denotes a
b-adjacent code generating circuit, and 4 denotes a
CRC code generating circuit.

The delay circuit 1 has the input supplied with six
information symbols resulting from the division of each
of three time-serial successive information words into
two symbols for the data of one frame on a frame basts.
In the case of the embodiment being described, 1t 1s
assumed for purpose of illustration that the input signal
is derived by sampling the audio signal of one channel,
although the invention can be equally applied to a ste-
reo audio system where signals of two channels and
eventually other channel signals are to be dealt with or
a system destined to process other signals than the audio
signal. Besides, variations in the number of data con-
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tained 1 one frame as well as delay amounts may be
made to comply with actual applications without de-
parting from the spirit and scope of the invention. The
signals outputted by the delay circuit and including the
symbols delayed by mutually different amounts, respec-
tively, are supphied to the b-adjacent code generating
circutt 2 for creating the symbols P and Q of the first
parity word, to thereby constitute the first signal frame.

Subsequently, all the symbols inclusive of the parity
word symbols P and Q are delayed, respectively, by

amounts differing from one another on a symbol basis in
the delay circuit 3, to thereby prepare a combination of
the symbols which differs from that of the first signal
frame, which combination is subsequently supplied to
the CRC code generating circuit 4 where the CRC code
is generated and added as the second parity word, re-
sulting in the generation of the second signal frame to be
outputted. The amounts of delay imparted to the indi-
vidual symbols, respectively, in the circuit 1 are se-
lected in consideration of the amounts of delay imparted
by the delay circuit 3 so that the individual information
words within the second frame are not continuous in the
time-serial sequence, with a view to preventing occur-
rence of a situation in which the errors detected in the
second signal frame are concealed successively in the
time-serial sequence when these errors are found uncor-
rectable by the first parity symbol of the first signal
~ frame. Through this measure, the quality of the repro-
- duced audio signal can be positively protected against

~ degradation. Accordingly, in a system where the time-
~ serial information is allowed to be successively con-
-~ cealed or outputted in an erroneous state, the delay
amounts may differ from the values exemplified in FIG.
S and may be values which can compensate the delay
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‘amounts imparted by the delay circuit 3. In the case of 35

the embodiment shown in FIG. 5, the individual delay
- amounts are selected to be different from one another
~on a symbol-by-symbol basis. However the delay
~ amounts may be so selected that they differ on an infor-

 mation-word basis, if the error correction capability of 40

~ the first parity symbol allows it. Besides, the delays
imparted to the individual symbols (or individual infor-
mation words) by the delay circuit 3 are not restricted
to the values exemplified in FIG. 5 so far as the delays
are different for all the symbols (or information words),
respectively.

Next, effects or advantages provided by the embodi-
ment shown in FIG. 5 will be elucidated by referring to
F1G. 6. In the case of the embodiment shown in FIG. 5,
the b-adjacent code of two symbols is used as the first
parity symbols. As a resuit, the errors of at least two
symbols of the first signal frame can be corrected with
the aid of the first parity symbols. In FIG. 6, the second
signal frames include, respectively, the symbols inter-
linked by the diagonal lines, respectively, for detecting
an error with the aid of the CRC code, while the first
frames for error correction by resorting to the use of the
b-adjacent code are arrayed horizontally. Next, a situa-
tlon in which the detected error can not be corrected by
the b-adjacent code will be considered on the assump-
tion that an error is detected in three second signal
frames, 1.e. a second signal frame including symbols S¢g,
Sé6d+1, 52, S3and so on, a second signal frame including
S1—6dy S2—12d, S3—12d, S4--184, S5-184and so on, and a
second signal frame including Ss5_424, P64, Q--54 and
others not shown.

On this assumption, the error which can not be cor-
rected will be of the four symbols S¢g, S1—124, Sed+1
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8
and S3_12471ncluded 1n the two first signal frames identi-
fied by d-frame and 2d-frame in FIG. 6 and each suffer-
ing errors of three symbols. In this connection, it should
be noted that the symbols S¢zand Se¢q..- 1 result from the
division of the same information word while the sym-
bols S2_124and S3.. 124 are produced by the division of
another information word. In other words, the correc-
tion incapability of four symbols means that only two

mformation words can not be corrected, which in turn
means that the number of the information words to be

interpolated or likewise concealed is reduced. In this
manner, the number of the information words which are
to be concealed can be reduced in are probability when
compared to the number of the uncorrectable symbols.

In the embodiment described above, it has been as-
sumed that the b-adjacent code and the CRC code are
made use of as the parity words. It should however be
understood that a similar effect can be attained by using
a combination of other codes. For example, a combina-
tion including the Reed Solomon code used in the com-
pact disc system 1s effective for correction of an error of
a burst nature. Further, the invention can be effectively
and satisfactorily applied to the system in which the
error pattern i1s random such as a burst error due to a
step-out of synchronism.

FIG. 7 shows another embodiment of the invention
which will be described below by also referring to FIG.
8. According to this embodiment, an information word
1s divided into a plurality of symbols each of which then
has a parity word for error correction attached hereto,
to thereby constitute a signal frame. More specifically,
three information words are each divided into a high-
ordered symbol and a low-ordered symbol, wherein
b-adjacent code parities of two symbols are generated in
one-to-one correspondence only for the three high-
ordered information symbols while the b-adjacent code
parities of two symbols are generated for the three
low-ordered symbols, to thereby constitute a first signal
frame which is then interleaved and the CRC codes for
error detection in correspondence to the respective
parity symbols are attached thereto, whereby a second
signal frame 1s constituted. In FIG. 7, reference numer-
als § and 7 denote delay circuits, 6 denotes an error
correcting b-adjacent code generator circuit, and 8
denotes a CRC code generating circuit.

The delay circuit § has an input supplied on a frame
basis with six information symbols resulting from the
division of three time-serially successive information
words each divided into two symbols, i.e. high-ordered
and low-ordered symbols. In the delay circuit 5, the
high-ordered symbol and the low-ordered symbol of
the same information word are delayed by an equal
amount, while values of delays imparted to the symbols
are differentiated from one to another information word
so that the individual information words are not ar-
ranged successively in the time-senal sequence within
the second signal frame. The delay amounts in concern
may be set to such values which compensate for the
delays in the delay circuit 7 of the succeeding stage in
dependence on the type of system to which the inven-
tion is applied, as in the case of the embodiment shown
in FIG. 5.

The individual symbols transmitted through the
delay circuit § are supplied to the b-adjacent code gen-
erating circuit 6 which generates the error correction
parities each of two symbols for each of the high-
ordered information symbol group and the low-ordered
information symbol group to thereby constitute the first
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signal frame. The parity symbols for the high-ordered
information symbols are represented by Py; and Q2
while the parity symbols for the low-ordered informa-
tion symbols are represented by P41 and Qzi41 In
FIG. 7. The delay circuit 7 generates delays which
differ from one to another information word and are
equal to both the high- and low-ordered symbols of the
same information word. On the other hand, the parity
symbols are delayed in such a manner that delays difter-
ing between the types of the parities P and Q and from
those of the information symbols but equal among the
parities for the high-ordered information symbols as
well as among the parities for the low-ordered informa-
tion symbols are produced. The series of symbols com-
bined differently from those of the first signal frame are
supplied to the CRC code generating circuit 8 to have a
CRC code serving as the second parity code added
thereto, whereby the second signal frame is constituted
and subsequently outputted. In this connection, 1t 1s also
to be noted that the amounts of delay imparted to the
individual symbols in the delay circuit 7 are never re-
stricted to the values indicated in FIG. 7 so far as the
requisite conditions are met, as in the case of the em-
bodiment shown in FIG. 5.

Next, the effects or operational advantages brought
about by the embodiment shown in FIG. 7 will be eluci-
dated by referring to FIG. 8. The first parity code in
concern in the embodiment shown in FIG. 7 i1s consti-
tuted by the b-adjacent code of two symbols. Accord-
ingly, two or less errors of the high-ordered and low-
ordered information symbols can be corrected by the P
and Q parity symbols. Referring to FIG. 8, the second
signal frames are constituted by those symbols intercon-
nected by inclined or diagonal lines, respectively. The
detection of error in the second signal frame can be
effected by the CRC code. The first signal frames are
shown as arrayed horizontally. It will be seen that in the
first signal frame, a block is constituted by three high-
ordered symbols each of an information word and the
b-adjacent codes Pa; and Qy;, while another block 1s
 constituted by three low-ordered information symbols
and the associated b-adjacent codes Py;4 1 and Q.41

Assuming now that error is detected in three second
signal frames, i.e. the second signal frame including S¢gq,
S6d+1, S2, S3 and so on, the second signal frame includ-
ing S2_124, S3—124> S4—184, S5—184 and so on and the
second signal frame including S4—244, S5-244, P64,
Pi_¢g and so on. This means that three symbol errors
are produced in four blocks in total comprising the
high-ordered symbol blocks and the low-ordered sym-
bol blocks in the d-frame and the 2d-frame, these errors
being consequently uncorrectable. More specifically,
the six symbols Sed, S4—18d, Sed+1, S5~164> S2 and S3
can not be corrected. In this connection, it is noted that
each of the pairs of symbols Se¢sand Se¢q+1, S4—184 and
~ Ss_ 184, and S» and Sj results from the same information
word. Accordingly, the uncorrectability of the six sym-

bols means that the three words uncorrectable. In the
system according to the instant embodiment, error 1s

necessarily detected for the symbols resulting from the 60

same information word. Besides, the same number of
erroneous symbols are present in the high-ordered sym-
bol block and the low-ordered symbol block of the first
signal frame. Accordingly, the uncorrectability makes
an appearance in a pair, one in the high-ordered symbol
and the other in the low-ordered symbol in the same
information word. In this way, according to the em-
bodiment shown in FIG. 7, the number of generated

10

15

20

25

30

35

45

50

55

65

10

information words to be error-concealed is reduced to a
half of the number of the information symbols which
are uncorrectable.

In the embodiment described above in conjunction
with FIG. 7, combinations of other type codes may be
employed to similar advantageous effects, as in the case
of the system illustrated in FIGS. 5 and 6.

As will be appreciated from the foregoing descrip-
tion, there has been provided according to the present
invention a digital signal transmission system applied to
a digital audio system and the like in which the number
of the information words which are uncorrectable and
subjected to error-concealment can be decreased, to
thereby allow the degradation in the reproduced sound
quality to be minimized even when there should arise
numerous code errors, while assuring the improved
correction capability and a reduced scale of the decod-
ing circuit by processing the information words in the

form of divided symbols.

We claim:

1. A digital signal processing method in whtch digital
information words each divided into a plurality of infor-
mation symbols are, for transmission, combined with
sets of code error detecting and correcting parity words
each set being provided for a group including a prede-
termined number of said information symbols, and each
of said parity word sets having a first parity word des-
tined primarily to serve for correction of a code error
and a second parity word destined primarily to serve to
detection of the code error, comprising the steps of:

generating as a first parity word at least a parity sym-

bol created on the basis of each of first groups each
having said predetermined number of information
symbols which result from the division of original
digital information words to be transmitted into
information symbols, said first group including
information symbols not belonging to the same
original information words and combining the gen-
erated first parity words with the first groups of
information symbols, respectively;

delaying the information symbols of said first group

each combined with said first parity word on a
basis of an information word in such a manner that
second groups of information symbols are arranged
which differ from said first groups of information
symbols, each second group including all the infor-
mation symbols belonging to the same original
digital information words and the first parity word;
and

generating from said second groups of information

symbols produced by said delaying step a second
parity word by calculating information symbols of
each of said second groups.

2. A digital signal processing method according to
claim 1, wherein said first parity words include m parity
symbols, the n-th parity symbol being generated from a
predetermined number of n-th information symbols
among information symbols produced by division of
each of said original digital information words into n
information symbols.

3. A digital signal processing method according to
claim 2, wherein each group of the n information sym-
bols for generating said m parity symbols includes infor-
mation symbols resulting from a division of the same
original digital information words.

4. A digital signal processing method according to
claim 1, wherein said second parity word is generated
on the basis of a combination of the information symbols
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and the first parity symbols which are rearranged by
interleaving so as to form a combination of the individ-
ual information symbols from which said first parity
symbols are generated and said first parity symbols.

5. A method of transmitting a digital information
signal formed of a plurality of sequences of information
symbols, each symbol being of a predetermined bit
length with each such sequence of symbols occurring in
a respective mput channel, and with check words 1n-

cluded in the transmitted signal to enable correction of 10

errors occurring in the signal as a result of transmission,
an analog signal being sampled by a sampling frequency
and converted into a digital signal as a sample word,
said sample word including a plurality of such symbols,
comprising the steps of:

(a) applying a first frame of symbols, taken one from
each such input channel, each symbol in the first
frame being selected from a different sample word
and having a first arrangement state, to a first error-
correcting code encoder to generate a series of first
check words;
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(b) delaying each of the symbols in said first frame
and each of the first check words by a respective
different delay time, in a unit of the sample word,
sO as to provide a second frame of symbols in a
second arrangement state, which includes the first
check words and all symbols produced by dividing
each sample word;

(c) applyimng said second frame of symbols to a second
error-correcting code encoder to generate a series
of second check words; and

(d) transmitting said second frame of symbols to-
gether with said second check words.

6. A method of transmitting a digital information
signal according to claim §, wherein said step of apply-
ing the first frame of symbols includes delaying the
symbols of at least certain ones of the input channels by
an amount different from any delay imparted to the
symbols of the remaining input channels prior to the
application thereof to said first error correcting code

encoder.
x #* . ¥ F
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